An analysis of the b ! s is given in supergravity grand unication using the framework of the radiative breaking of the electro-weak symmetry under three separate sets of constraints:1) neutralino relic density does not overclose the universe,2)p-stability constraint, and 3) the combined constraints of p-stability and COBE data .For case 1 it is found that the CLEO II data on the branching ratio already imposes very strong further constraints on dark matter analyses. For case2 the branching ratio is found to lie in the range (1.5-6.3)x10 4 and thus the data does not at present signicantly limit the analyses with p-stability constraint. It is shown that improvements by a factor of 3 in the p ! K + lifetime will reduce SUSY eects to less than O(30%) of the Standard Model value.For case3,the branching ratio lies in the interval (3.1-5.3)x10 4 ,and the SUSY eects lie within (-10%,+50%) of the SM value. Thus as experimental bounds on B(b ! s) improve, one would need in cases 2 and 3 the next-to-leading order QCD corrections to disentangle SUSY eects.
Last year the CLEO Collaboration obtained a new bound on the avour changing decay mode b ! s [1] . For the branching ratio B(b ! s) they [1] . These branching ratio measurements are expected to improve in the future, and should provide stringent limits on the Standard Model (SM) prediction. In the SM, b ! s decay is induced at the one-loop level by a penguin diagram which i n v olves the exchange of a W boson and a t-quark. If a denite discrepancy between the SM prediction and the experimental value is found, it would provide a window t o p h ysics beyond the SM. For example, in supersymmetry there are additional penguin diagrams involving the exchange of the charged Higgs, the charginos, the gluino and the neutralinos which contribute to the b ! s decay [2] . It is already known that signicant contributions can arise from the charged Higgs [3] { [5] . In this paper we give a detailed analysis of b ! s branching ratio within the framework of radiative breaking of the E W symmetry for the minimal SU(5) supergravity model. The analysis is given under three dierent sets of constraints: (i) cosmological constraint on SUSY dark matter, (ii) proton stability constraint, and (iii) simultaneous imposition of cosmological and proton stability constraints.
The basic formula for the branching ratio B(b ! s) including the W, c harged Higgs and the sparticle exchange contributions to leading order QCD corrections is given by [2] , [4] , [6] , [7] B(b ! s) B(b ! ce) = 6 
where q i (obeying calculation of an 88 anomalous dimension matrix which e n ters in the evolution of the currentcurrent, QCD and \magnetic penguin" operators as one uses the renormalization group to evolve from the weak scale M W to the scale = O(m b ). (There is a disagreement in the literature on the numerical evaluation of (q i ; p i ) (see papers of Ref. [9] ) but this disagreement only leads to O(1%) dierences and thus is not of measurable signicance at this stage).
The evaluation of B(b ! s) from Eq. (1) suers in general from several uncertainties.
There are uncertainties generated due to experimental errors in the quark masses and s . However, potentially the largest error is due to the renormalization point dependence of Eq. (1). For example a variation of by a factor of 2 in each direction from its mean value m b (i.e. in the range m b =2 t o 2 m b ) can generate a 25% variation, in the branching ratio [10] , [11] . This -dependence is expected to be diluted by a signicant amount [11] by inclusion of the next-to-leading order QCD corrections, analogous to what has been observed in other FCNC processes [12] . Presently, only partial analyses of the next-to-leading order QCD corrections exist, and the full analysis appears very involved requiring analysis of three loop mixings in some sectors [11] . These next-to-leading order corrections are likely to become more signicant as experimental measurements of B(b ! s) improve.
In this paper we analyze Eq. (1) within the framework of the supergravity unied models [13] , [14] with an SU(5) type embedding. In this model supersymmetry is broken spontaneously via a hidden sector, and the eective potential contains the following supersymmetry breaking terms below the GUT scales [13] An interesting result of supergravity unication with R-invariance is that over much of the parameter space the lightest neutralino is also the lightest supersymmetric particle (LSP) and is a natural candidate for dark matter [20] { [23] . Thus at the very least one must impose the constraint that the neutralino dark matter not overclose the Universe, i.e., one has
Here Z 1 = Z 1 = c where Z 1 is the neutralino mass density, c is the critical mass density needed to close the Universe, and h is the Hubble constant in units of 100 km/sec Mpc. Current measurements give h the range 0:5 < h < 0 : 75. Under additional assumptions one can obtain a more stringent bound than (4). Thus assuming the inationary scenario which requires = 1, and a mix of cold dark matter (CDM) and hot dark matter (HDM) in the ratio 2:1 which i s consistent with COBE data, one nds 0:1 < Z 1 h 2 < 0:35 where we h a v e used the estimate NB 0:9 for non-baryonic matter. In our computation of the neutralino relic density w e h a v e used the accurate method which i n tegrates over the Higgs and the Z poles in the neutralino annihilation [22] [23] [24] .
Next we discuss the p-stability constraint. In the minimal model the most dominant decay mode of the nucleon is p !
) which proceeds via dimension ve operators generated from the exchange of the Higgsino triplet eld, i.e., the W 4 term in W eff discussed earlier. The proton decay lifetime for this mode is [25] , [26] .
where the front factor is determined using chiral Lagrangian technique, p is the three-quark matrix element of the proton which is determined via lattice gauge theory computations, and B is the dressing loop function which depends on masses of the SUSY particles that enter in the dressing loop. A reasonable upper bound on M H 3 without the Planck scale eects becoming dominant i s M H 3 < 10 M G [22] which replaces the more stringent condition of M H 3 < 3M G imposed in previous analyses [20] , [21] , [29] . 
We proceed as follows: we use renormalization group evolution of gauge, Yukawa and soft SUSY breaking terms with supergravity boundary conditions imposed at the GUT scale M G . After the breaking of electroweak symmetry, the SUSY spectrum is computed in terms of the allowed values of the parameter space dened in Eq. (3). As discussed in Refs. [21] , [29] , it is found that over much of the parameter space jj M Z and this leads to certain scaling relations on the mass spectra. For example, for the chargino and neutralino masses one nds value. An interesting phenomenon for some specic points in the parameter space is the almost perfect cancellation of the branching ratio because of contributions from the chargino exchange. Although supersymmetry is certainly at the root of these almost perfect cancellations, the points in the parameter space where such cancellations occur are far from the exact supersymmetric limit where one expects a perfect cancellation [30] .
We discuss next details of the analysis. As expected the charged Higgs makes a positive contribution and increases the b ! s branching ratio. However, the contribution of the chargino can be either positive or negative depending on the point in the parameter space and the sign of . This conclusion agrees with previous analyses of Refs. [4] , [5] , and [31] that chargino contributions can be either constructive or destructive. In general the domain where the cosmological constraint of Eq. (4) is satised is quite large (see Figs. 1a and 2a) , while the domain where the p-stability constraint of Eq. (6), is satised is generally smaller (see Figs. 1b  and 2b ). The stringent constraint o f p -stability arises in part due to the fact that p-stability limits tan so that tan 10. The parameter space where constraints of eqs. (4) and (6) are simultaneously satised is the smallest (see Figs. 1c, 1d, 2c and 2d) . The recent experimental measurements suggest a top mass value of 17416 GeV [32] . At the same time precision electro-weak data predicts m t =1629 GeV [33] . We h a v e carried out an analysis over the full top mass range consistent with the above analyses. In the following we discuss specically the case when the running top mass M Z =160 GeV. Since the running top mass at M Z is about 5 % lower than the physical top mass [34] , this case corresponds to a physical top mass of about 168 GeV. The analysis is carried out over the full parameter space including both signs on the value of . The result of this analysis is then found to be valid within 10% for other top masses in the range consistent with the CDF [32] , LEP and SLC [33] data.
The result for the case < 0 is exhibited in gs 1a-1d, and for > 0 is exhibited in . T h us the variation in the predicted range of the branching ratio in each case is within 10%, and thus the ranges are found to be insensitive to small changes of m t . F or comparison the Standard Model branching ratio in this domain is about 3.5x10 4 . Finally, w e discuss the constraints on the parameter space that emerge from imposition of the CLEO II bounds. For the dark matter analysis of case1, the current experimental limits put very strong constraints for the case > 0. Here one nds that if the top mass lies in the range 165-175 GeV, then 60-70% of the parameter space allowed by the constraint that neutralino relic density not overclose the universe, is eliminated. For the case < 0, the fraction of the parameter space consistent with the cosmological constraint and in violation of the CLEO II bound is much smaller, i.e., 15-20% of the parameter space consistent with Eq(4) is eliminated. The constraints on the parameter space from CLEO II bounds in cases 2 and 3 are negligible. CONCLUSIONS We h a v e analysed the inclusive B(b ! s) decay branching ratio under three dierent sets of constraints: cosmological constraint, p-stability constraint, and the combined constraints of p-stability and COBE data. An important result that emerges from the analysis is that the current experimental limits on the B(b ! s) branching ratio put signicant constraints on dark matter analyses for > 0. The constraints on the parameter space would become even more severe as the experimental bounds on the branching ratio improve. The theoretical analysis under the p-stability constraint gives a branching ratio in the range (1.5-6.3)x10 4 Thus the current CLEO bounds do not signicantly constrain the model in this case. The analysis under the combined constraints of p-stabilty and COBE data give a branching ratio in the range (3.1-5.3)x10 4 . T h us the result of the analysis with the combined constraints of p-stability and COBE data is totally unconstrained by current experiment.The analysis with p-stability also shows (see Figs 1b and 2b ) that when lifetime measurements on p ! K + decay mode improve b y a factor of about 3, the allowed theoretical variations in the branching ratio will fall within O(30%) of the Standard Model prediction, and consequently the nextto-leading order eects will become relevant. However, the analysis under the constraints of p-stability and COBE data gives a result for the branching ratio at the level of the leading order calculation, which has a variation of O(-10%,+50%) from the SM value and a variation of only O(30%) around its mean .Thus the next-to-leading order eects are already relevant in this case if one wants to disentangle the SUSY eects when experimental measurements improve. 
